Abstract The aim of this paper is to study the outcome of single-layer end to side dunking pancreatojejunostomy technique in 32 patients of malignant pancreatic disease undergoing Whipple's surgery in a tertiary care oncology centre in India. From January 2013 to January 2016, 32 consecutive patients who underwent pancreatoduodenectomy for malignant diseases were analysed retrospectively. All the patients underwent standard Whipple's operation. Pancreatojejunostomy was established in a single-layer end to side dunking manner with PDS 4-0. Various patient data, i.e. preoperative symptoms and demography, intra-operative time, blood loss and need of blood transfusion, postoperative hospital stay and complications, were noted. Mean operative time was 3.5 h approximately. Mean blood loss was 328 ml approx (range 150-600 ml). Postoperative delayed gastric emptying was observed in 8 (25%) patients. Three (9.4%) patients developed superficial surgical site infection. Mean hospital stay was 16.5 days (range 13-20 days). There were no pancreatic leak or fistula and no perioperative mortality. It is a feasible technique. It achieved zero leak rates, zero mortality and minimal morbidity without compromising any oncologic principles.
Introduction
Pancreatic adenocarcinoma is the ninth most common cancer diagnosed worldwide. However, pancreatic cancer death ranks fourth in cancer deaths each year. Despite all possible treatments, the 5-year survival remains dismal and less than 5% of patients survive [1] . The first successful pancreatoduodenectomy was performed by Kausch in 1912. Whipple et al. described pancreatoduodenectomy for ampullary cancers in 1935 [2, 3] . Since then, pancreatoduodenectomy is commonly performed for various benign and malignant diseases of the pancreas and ampullary region. Despite all surgical and technical advances, pancreatoduodenectomy surgery still has high morbidity and mortality [4, 5] . Once resection of the specimen is done, three anastomoses are established: pancreato-enteric, biliary-enteric and gastro-enteric anastomoses. Among the three anastomoses, the pancreatoenteric anastomosis is the most crucial one and its complications are responsible for most of the morbidities and mortalities of pancreatoduodenectomy surgery.
Dehiscence of pancreato-enteric anastomosis leads to a life-threatening complication in the form of a pancreatic fistula. A pancreatic fistula leading to an intra-abdominal sepsis is the leading cause of mortality in pancreatoduodenectomy surgery [6] . Other causes of mortality are haemorrhage, cardiac event and pulmonary embolism [7] . Several large studies worldwide showed the pancreatic fistula rate to be 11-15% [8, 9] . According to International Study Group of Pancreatic Fistula (ISGPF), pancreatic fistula is defined as any measurable amount of persistent intra-abdominal drain output on or after the third postoperative day which has amylase content greater than three times the upper limits of a normal serum level [10] .
There are several anastomotic techniques used to restore the pancreto-enteric continuity, i.e. pancreatojejunostomy (duct to mucosa), pancreatogastrostomy in single or double layers and pancreatojejunostomy by dunking method. Dunking can be done in an 'end to end' or 'end to side' fashion. Regardless of the choice of technique, the complication rate ranges from 30 to 50% and the overall mortality rate between 1.4 and 10% [11, 12] . But there is paucity of data from Indian studies. Herewith, we report our own experience with a single-layer end to side dunking pancreatojejunostomy technique in a retrospective study and evaluate postoperative complications in a tertiary care oncology centre in central India.
Method
From January 2013 to January 2016, 32 consecutive patients who underwent pancreatoduodenectomy for malignant pancreatic disease were analysed retrospectively. All procedures performed in the study were in accordance with the ethical standards of the institution. Twenty-one patients were diagnosed to have carcinoma in the head of the pancreas and 11 patients had periampullary carcinoma. All the patients underwent standard Whipple's operation.
All routine biochemical blood tests were carried out. Chronic anaemia and malnutrition were corrected. Haemoglobin level was maintained above 10 g/dl, and TPN was given to patients who had chronic malnutrition. Abdominal ultrasound and triple-phased contrast-enhanced CT were ordered preoperatively for all the patients to stage the disease and to rule out inoperability. Preoperative ERCP and biliary drainage in the form of biliary stenting were used for the 12 patients who had bilirubin level above 20 mg/dl or complaints of severe pruritus.
Various patient data, i.e. preoperative symptoms and demography, intra-operative time, blood loss and need of blood transfusion, postoperative hospital stay and complications, were noted. Patients were followed up for a maximum period 1 year for any adverse effect and survival.
Surgical Technique
All the patients were operated under general anaesthesia. The abdomen was opened through bilateral subcoastal incision. Standard Whipple's operation was performed in all patients with peripancreatic and hepatoduodenal lymph node dissection en bloc (Fig. 1) . After resection of the specimen, pancreatojejunal anastomosis was established in an end to side dunking fashion.
Pancreatic remnant was mobilised ventrally for at least 2-cm dividing superior and inferior attachments. The pancreatic duct was cannulised with a feeding tube to prevent it from any injury during anastomosis. The end of the jejunum was closed with a linear stapler, and approximately 2 cm distal to the staple line pancreatojejunal, anastomosis was established in an end to side manner. The jejunum was cut open longitudinally at the antimesenteric border with an electrocautery. The opening was around the same size as the diameter of the pancreatic remnant. Posterior layer of the pancreatic capsule and parenchyma were sutured with the full thickness of the inner layer of the jejunal opening with interrupted PDS 4-0. Care was taken to prevent any injury to the pancreatic duct during this step. A single suture was passed through the pancreatic duct and mucosa of the jejunum to hold the stent in place while suturing the posterior layer. Similarly, the anterior layer of the pancreatic capsule and parenchyma were sutured with the anterior layer of the jejunal opening in a full thickness manner. Thus, a single-layer end to side dunking anastomosis between the jejunum and the pancreas was accomplished (Figs. 2 and 3) . Feeding jejunostomy was done in every patient to start enteric feeding as early as possible.
Postoperatively, nasogastric tube and intra-abdominal drainage tubes were kept. Drain output was monitored regularly. All patients received postoperative antibiotics and proton pump inhibitors. Somatostatin analogue (Octreotide) was used routinely. Feeding jejunostomy was created in every patient. 
Results
Thirty-two consecutive patients (21 patients of ampullary carcinoma and 11 patients of carcinoma in the head of the pancreas) were operated from January 2013 to January 2016. Nineteen patients were males, and 13, were females. Mean age of the patients was 53.9 years (range 19-70 years). Jaundice and weight loss were the most common symptoms in these patients (Table 1) .
Mean operative time was 3.5 h approximately and mean blood loss was 328 ml (range 150-600 ml) approximately. Three patients required intra-operative blood transfusion. None of the patients showed postoperative anastomotic leakage or pancreatic fistula. Drain fluid amylase was measured on the third, seventh and tenth postoperative days to confirm the absence of pancreatic fistula. In our study, the drain was kept for 10 days to look for any late leak from pancreatojejunostomy under close monitoring. Postoperative delayed gastric emptying was observed in 8 (25%) patients and required prolonged nasogastric tube intubation. Three (9.4%) patients developed superficial surgical site infection. All the patients were started on feeding through feeding jejunostomy on the next day, and trial of oral liquid on the fifth postoperative day. Mean hospital stay was 16.5 days (range 13-20 days). There was no perioperative and in hospital mortality. All the patients were followed up for 1 year. There was no 90-day mortality in our study. Three patients developed liver metastasis and died of liver failure. The 12-month survival was 90.6%.
Discussion
Pancreatojejunal anastomosis is the most important anastomosis in respect to the risk of leakage, and if leakage occurs, it is the leading cause of morbidity and mortality. There are many risk factors for leakage of pancreatojejunal anastomosis like main pancreatic duct diameter, blood supply of the cut end of the jejunum, pancreatic texture, preoperative nutritional status of the patient and finally the anastomotic technique [13, 14] . Anastomotic technique remains the most important factor to reduce the risk of pancreatic leak; hence, many surgeons keep on improvising upon the surgical technique. Despite many techniques, none of the techniques yet have been proven to be superior to the others conclusively [15] .
Some authors reported better results with duct to mucosa technique whereas a prospective randomised study conducted by Bass et al. proved that end to side dunking technique is better [16] [17] [18] . Giacomo et al. showed that patients with major breakdown of pancreatojejunal anastomosis which required reoperation belonged to the duct to mucosa anastomotic group when compared to the end to side dunking group in his study (25 vs 11%) [19] .
It is proven that soft pancreas and small pancreatic diameter have high risk of leakage. Hence, a surgical technique which incurs minimal damage to the duct and pancreatic parenchyma tends to have the highest rate of success. In the current study, surgeons performed single-layer end to side dunking pancreatojejunal anastomosis which appears to have many fold advantages compared to other techniques which translated into a zero leak rate in our setup. End to side pancreatojejunal anastomosis is more anatomical for both pancreatic remnant and jejunum. Single-layer anastomosis reduces the injury to already soft-textured pancreas and risk of Fig. 2 Single-layer end to side pancreatojejunostomy anastomosis Fig. 3 Line diagram of end to side dunking pancreatojejunostomy damage. The end to side dunking technique is superior to end to end dunking because in the end to end dunking, the mesenteric end of the jejunum is prone to hematoma formation if mesenteric vessels are accidently taken into sutures and thus leads to leakage. There can be a luminal disparity between jejunal end and pancreatic remnant diameter while performing end to end dunking which can be avoided in end to side dunking.
In the present study, all the cases were of malignant pancreatic disease and majority had soft and friable pancreas. In soft and friable pancreas, dunking technique appears to be better as compared to duct to mucosa technique which is better for fibrotic pancreas and dilated main pancreatic duct [15, 20, 21] .
In our study, the most common complication is delayed gastric emptying (25%) followed by superficial surgical site infection (9.37%) which is as per the literature available [22, 23] . Preoperative nutritional status is an important factor for favourable outcome. In our study, all the patients had preoperative haemoglobin level of above 10 g/dl and chronic malnutrition was treated by TPN.
Although the number of patients in the current study was limited, the single-layer end to side dunking anastomosis has been proven to be safe and feasible. Larger randomised trials are required to come to any conclusion regarding which technique is better. In our series of Indian patients, this surgical technique helped to achieve a zero leak rate, zero mortality and minimal morbidity without compromising any oncologic principles. Amidst all the results, good training in hepatobiliary surgery and good surgical technique is of utmost importance regardless of the technique used. This study gives us the opportunity to explore the feasibility and safety of this technique in a larger prospective randomised controlled study in Indian patients.
